The present study, comprising observations on 21 subjects given high spinal anesthesia, is an investigation of the effects of anesthetic denervation in normal man, uncomplicated by surgical intervention, on the circulation with particular reference to the vascular bed of the kidney. It is concluded that the renal arterioles are distinctly autonomous, in the sense that under basal conditions the renal vascular tone is not affected by anesthetic denervation. Our observations further suggest that the arteriolar bed generally (apart from the skin) possesses considerably more autonomy than is usually attributed to it-sufficient, in fact, in the normal supine individual at rest, to maintain an essentially normal arterial pressure. We find no evidence of significant arteriolar dilatation during high spinal anesthesia, such reduction in blood pressure as occurs being attributable, we believe, to diminished circulating blood volume in consequence of dilatation of the capillaries, venules, and veins.
The present study, comprising observations on 21 subjects given high spinal anesthesia, is an investigation of the effects of anesthetic denervation in normal man, uncomplicated by surgical intervention, on the circulation with particular reference to the vascular bed of the kidney. It is concluded that the renal arterioles are distinctly autonomous, in the sense that under basal conditions the renal vascular tone is not affected by anesthetic denervation. Our observations further suggest that the arteriolar bed generally (apart from the skin) possesses considerably more autonomy than is usually attributed to it-sufficient, in fact, in the normal supine individual at rest, to maintain an essentially normal arterial pressure. We find no evidence of significant arteriolar dilatation during high spinal anesthesia, such reduction in blood pressure as occurs being attributable, we believe, to diminished circulating blood volume in consequence of dilatation of the capillaries, venules, and veins.
Part I deals with the following topics: (1) Methods; (2) the effects of spinal anesthesia on renal blood flow; (3) on the arterial pressure, and (4) on the reflex responses to posture, hypercapnia, and anoxemia. Part II consists of a review of the evidence on (5) the existence of tonic vasoconstrictor activity and on (6) the existence of autonomy in the peripheral arterioles generally, and (7) in the kidney in particular, and (8) the peripheral effects of hypercapnia and anoxemia. In (5) it is brought out that the notion of tonic vasoconstrictor activity in the sympathetic nervQus system, apart from the skin, is based largely upon animal experiments which are seriously complicated by general anesthesia, venous dilatation, etc., and that the information so obtained cannot be transferred with confidence to normal animals, and certainly not to man.
PART I
Methods
The subjects were male convalescent patients ranging in age from 18 to 50 years who, with a single exception, presented no abnormal signs contraindicating selection for this study. They were examined in the morning in the basal, fasting condition, and were prepared for the measurement of renal blood flow and filtration rate by the clearance method, as described by Smith, Goldring, and Chasis (93) . In the earlier observations the phenol red and inulin (35) clearances were followed, but after the introduction of the diodrast clearance (93) , all three clearances were used. The phenol red clearance serves as a check on the diodrast clearance, the constancy of the phenol red/diodrast clearance ratio before and after anesthesia demonstrating that procaine per se has no effect upon the tubular excretory mechanism. The infusions corresponded to the typical infusion cited by Chasis, Ranges, Goldring, and Smith (18) . Zero time was taken as the beginning of the priming infusion, which occupied about 10 minutes; the infusion was then changed to the sustaining infusion, the first urine collection period being started at about 30 minutes. The sustaining infusion was usually interrupted momentarily to permit injection of the anesthetic, and a short washout period was allowed to reestablish blood levels of diodrast, etc. before the next urine collection period was started. The urine collection periods (10 to 15 minutes in length) were timed to 15 seconds, and all urine samples were collected by catheter with sterile precautions, the bladder being washed out with 20 cc. of saline. (In our opinion, single urine collection periods obtained by voluntary voiding, or even by catheterization without rinsing the bladder, may be highly inaccurate; we have made nearly 3000 catheterized and rinsed collections, and we recognize that it is impossible even by this method to empty the bladder completely every time.) All our observations have been made on the descending limb of water diuresis, and to prevent an excessive reduction of urine flow we have 319 usually incorporated 2.0 per cent NaSO, in the infusion fluid. Analyses were carried out as described by Smith, Goldring, and Chasis (93) , except that phenol red was determined on an Evelyn colorimeter, using a Number 540 filter.
Anesthesia was induced by an experienced anesthetist (E. R.) by the intrathecal injection between U and L4 (after local anesthesia of the skin) of procaine crystals (= novocaine) dissolved in 2 to 5 cc. of spinal fluid. No premedication was given. The quantities of procaine used were somewhat larger than the usual surgical dose, since we wished to obtain maximal anesthesia. In earlier instances the injection was made with the subject in the lateral position, after which he was immediately turned to the supine and tilted at an angle of -200 to -100 until the highest level of anesthesia was established. However, it is impossible by this method to be certain that the anterior roots are exposed to maximal concentration of the anesthetic, and consequently in later observations the subject was injected in the prone position and left lying on his face until anesthesia had reached its highest point (5 to 10 minutes), after which he was turned on his back. Blood pressures were taken by auscultation of the brachial artery at. frequent intervals. The level of anesthesia was conservatively determined by sensory stimulation, the dermatomes being designated according to the recent description of Foerster (28) . Complete loss of all sensation up to and including the umbilicus was taken to indicate anesthesia of the posterior roots up to and including T12; to the xiphoid process, T7; to just below the nipple, T6; to just above the nipple, T5; to the clavicle, T2; to the inner aspect of the forearm, Ti; to the hollow above the clavicle and the outer shoulder, C4; to the neck, C3.
The effects of anesthesia on renal blood flow
Reflex oliguria and renal ischemia. The discussion of the effects of spinal anesthesia upon the renal circulation must be prefaced by brief mention of the reflex effects of spinal puncture per se on urine flow and renal blood flow. Spinal puncture is frequently accompanied by an abrupt reduction in urine flow and less frequently by a marked but transient reduction in renal clearances. We have noted that frequently, though not invariably, the urine' flow has fallen abruptly at the time of puncture and remained at relatively low levels (0.5 to 2.5 cc. per minute) thereafter. Theobald and Verney (100) have shown in dogs that trauma of the vertebral periosteum causes an inhibition of urine excretion in the denervated kidney; they have interpreted this phenomenon to be a result of an increased secretion of the antidiuretic hormone in consequence of reflex excitation of the posterior pituitary gland, and it is probable that this explanation applies to those instances in our observations where the urine flow fell sharply at the time of puncture without a simultaneous change in clearances. We have never observed an increase in urine flow in consequence of spinal anesthesia; although not specifically designed to examine this question, we believe that our observations would have revealed any tendency for diuresis to occur, were such a tendency present. One of us has argued elsewhere (92) that " denervation diuresis " is a phenomenon which is discoverable only in the anesthetized animal and our present observations lead us to affirm that anesthetic denervation of the kidneys has no specific effect on water excretion.
In a few instances the diodrast, phenol red, and inulin clearances have fallen markedly at the time of spinal puncture, suggesting constriction of the renal arterioles in consequence of accidental traumatic excitation of the periosteum or nerve fibers in the spinal canal. This phenomenon may be elicited by a control puncture without the injection of any anesthetic, although it is not consistently reproducible even by a painful stimulus. Where such reduction in clearances occurs, the disturbance is fleeting (10 to 20 minutes), and in the data presented here we have excluded the first 20 to 30 minutes after puncture if any obvious disturbance did occur.
Renal blood flow. From previously published observations (18) and from unpublished data it can be stated that the blood flow through the normal human kidney under essentially constant arterial pressure can vary through a wide range, the extreme values observed by us to date in normal individuals being about 600 to 3000 cc. per minute. However, the renal blood flow tends to remain quite constant on any one day or on weekly re-examinations, unless it is altered by factors obviously of such a nature as to modify the renal circulation (adrenin and other drugs, pyrogenic reaction, etc. This subject showed 8 per cent decrease in the mean renal plasma flow during anesthesia up to T5, as compared with the 3 control periods before anesthesia. The marked drop in the absolute filtration rate (33 per cent) and in the filtration fraction (27 per cent) is probably attributable to the fall in arterial pressure, the mean value of which decreased 33 per cent in consequence of anesthesia. This is the most marked fall in filtration rate observed, and should be compared with Figure 2 , or the data in Table I See Figure 1 for meaning of data. This subject showed an increase of 8 per cent in renal plasma flow and a 4 per cent decrease in filtration fraction during anesthesia up to T2. This response resembles the majority of those listed in Table I. of all clearance periods while anesthesia was at its height.
If vasotonic impulses, necessary for maintenance of either afferent or efferent arteriolar tone, are carried to the kidneys by the sympathetic nerves, anesthetization of the spinal roots up to T5 or higher would be expected to result in changes of considerable magnitude both in the renal blood flow and in the filtration fraction. So long as the arterial pressure remains constant these changes would, in theory, be of the following qualitative nature: (a) Afferent dilatation alone would be accompanied by an increase in both the renal blood flow and the filtration fraction, the latter rising in consequence of increased glomerular pressure. (b) Efferent dilatation alone would be accompanied by an increase in the renal blood flow, but a decrease in the filtration fraction, the latter falling in consequence of a decrease in glomerular pressure. (c) Simultaneous afferent and efferent dilation should be accompanied by the greatest increase in renal blood flow without marked changes in the filtration fraction. (d) Apart from the foregoing factors, any change in arterial pressure would tend to change both the renal blood flow and the filtration fraction in the same direction. ' Applying these general propositions to the first 1 If equilibrium between the glomerular filtration pressure and capsular pressure is not normally reached before the blood emerges from the glomeruli, any change in the renal blood flow would itself alter the filtration fraction by prolonging the time of contact. The effects of variation in the time of contact and of filtration pressure would be in the same direction in consequence of changes in efferent arteriolar tone, and in the opposite direction in consequence of changes in afferent arteriolar tone. These two factors cannot be definitely separated at the present time. Taking the series as a whole, the changes in renal blood flow are practically nil; in view of the fact that the renal blood flow can increase by 100 per cent, it is clear that spinal anesthesia has negligible effects upon the renal circulation. We conclude, therefore, that the normal tone of the renal vessels is not significantly dependent upon sympathetic nervous impulses of central origin.2 This is not to say that the renal vascular bed has remained unchanged: the maintenance of an essentially constant renal blood flow in most subjects in the face of reduced arterial pressure implies vascular dilatation of some degree to offset the fall in arterial pressure. But it is, of course, impossible to suppose that this dilatation is in any way dependent upon the central nervous system during spinal anesthesia. Although the slight alterations in blood flow observed after denervation, both in the direction of increased and decreased flow, may be interpreted as evidences of the abolition of slight vasoconstrictor or vasodilator tone of central origin, superimposed upon the peripheral autonomous bed, they may also represent spontaneous changes in this bed brought about by unidentified local or humoral influences.
It is possible to assume that the renal vascular bed acquires autonomy de novo only as a consequence of denervation, but in view of the rapidity and smoothness of anesthetic denervation any such assumption seems quite superfluous.
Effects of anesthesia on arterial blood pressure
For the discussion of the effects of anesthesia on the arterial blood pressure we have selected for illustration in Figures 3 and 4 18 subjects in whom anesthesia reached at least as high as the nipple (T5) and in whom there was complete block of the motor fibers to the lower extremities, abdomen, and thorax. We will consider first the changes in blood pressure effected by anesthesia, apart from the application of the various circulatory tests, as described in the next section. In brief, in 2 out of 18 subjects (Numbers 1 and 2), 2 Berglund, Medes, Benson, and Blumstein (6) report a marked fall in creatinine clearance in two subjects with essential hypertension during spinal anesthesia. But since there was a marked reduction in urine flow and since the bladder was not washed out, the fall in creatinine clearances may have been somewhat less than the recorded figures. The figures within the blood pressure curves show the spinal level of complete sensory anesthesia. Adrenalin was administered subcutaneously in small doses in Number 6 and had no marked effect. In Number 4, 1.0 mgm. of adrenalin subcutaneously caused a fall in diastolic pressure, as would be expected from the predominantly vasodilating action of this drug; this result, however, is here complicated by the receding anesthesia. Morphine was administered subcutaneously once only (Number 1) and had no effect on blood pressure.
The various circulatory tests are described in the text. in both of whom anesthesia extended up to T2, the systolic and diastolic pressures were maintained at levels equal or superior to the preanesthesia control period. (Note that in Number 2, the systolic pressure fell only as the anesthesia receded.) In the remaining 16 subjects there was some decrease in either the systolic or diastolic pressure, or both. The systolic pressure fell more than the diastolic in every instance except Number 18. In all but 5 instances (Numbers 4, 5, 8, 11 , and 17) the diastolic pressure was maintained at 60 mm. Hg or above, and frequently it did not fall below its control value (Numbers 1, 2, 3, 10, and 12). The changes in systolic and diastolic pressures are not suited to summary description, but the average pressures are tabulated in Table I . The type of blood pressure response observed here is, from the point of view of hemodynamics, not consonant with arteriolar dilatation. The fact that the diastolic pressure may not fall at all, that it rarely falls below 60 mm., and that it invariably falls less than the systolic pressure, is directly opposed to the changes to be expected during arteriolar dilatation. Excluding for the moment any volume changes in the post-arteriolar bed, arteriolar dilatation must in principle reduce the peripheral resistance, and therefore, at a constant cardiac output, it will reduce the diastolic pressure; as arteriolar dilatation progresses the diastolic will fall to proportionally lower levels until stagnation in the enlarged arterioles precipitates peripheral circulatory failure. Moderate arteriolar dilatation, by increasing the vascular volume, will also lower the systolic pressure, but not to the same degree as the diastolic, and it therefore will reveal itself in its moderate stages by a substantial increase in pulse pressure at the expense of the diastolic pressure. Insofar as increased capillary volume results from arteriolar dilatation it can only affect this picture by exaggerating these changes. Opposed to the tendency of arteriolar dilatation to lower the systolic pressure will be any increase in cardiac output which may result from increased venous pressure, and it is conceivable that with moderate dilatation this pressor factor could nearly balance the depressor factors, so that the systolic pressure would be well maintained.8 8 Perhaps the best examples of arteriolar dilatation are afforded by the action of adrenin and ephedrine,
The responses recorded in Figures 3 and 4 are rather those to be expected where the peripheral resistance has remained unchanged, but where the cardiac output has been reduced. During spinal anesthesia the heart rate typically remains constant (60 to 70) in unmedicated subjects, at a slightly lower rate than during the control period (70 to 80); other factors remaining equal, increased stroke volume would probably prevent any decrease in cardiac output, and, to account for the reduction in arterial pressure we are forced to look for a decreased stroke volume occasioned by a decreased venous pressure. The most likely factors tending to decrease venous pressure in these subjects are dilatation of capillaries, venules, and veins in the skeletal muscles, not in consequence of the abolition of vasotonic impulses, but simply in consequence of the loss of skeletal muscle tone. It may be that additional venous stagnation occurs in the abdomen in consequence of paralysis of the abdominal muscles, and also in consequence of the loss of the reciprocal tonic relationship between the abdominal and thoracic muscles, though the contribution of these factors is uncertain. That the skin arterioles are dilated during spinal anesthesia is reliably indicated by the fact that the skin temperature usually rises, and by plethysomographic measurements (see Section 3); although this dilatation would of course contribute to the expansion of the vascular bed, it would also tend to elevate venous pressure and offset such venous stagnation as may have occurred.' which lower the peripheral resistance and raise the systolic pressure by increasing cardiac output, chiefly through increasing the venous pressure (the constriction of the skin arterioles and perhaps the veins compensating for the enlarged vascular bed in dilated areas). For illustrations of the action of adrenin or ephedrine on blood pressure in man the reader is referred to the latter part of Number 4 in Figure 3 of this paper, or to Figure 6 of Chasis et al. (18) , and to the measurements of cardiac output and peripheral resistance by Starr, Gamble, Margolies, Donal, Joseph, and Eagle (97), Boger (33) , it was necessary to inquire whether the vasomotor fibers in the anterior roots of our subjects were actually anesthetized. To obtain information on this point we utilized the reflex responses to posture and CO2.
to be the rule, though precise information on this point is lacking. Although hemodynamically the spleen may play a r6le comparable to a major arteriovenous fistula (60) , the possible importance of its dilatation in increasing the volume of the post-arteriolar bed cannot be overlooked.
When the normal subject assumes the upright posture, reflex vasoconstriction, mediated through the aortic arch-carotid sinus receptors and the bulbar reflex centers, serves to maintain the arterial pressure with but little change. (See control observations on Numbers 13, 14, and 15.) In our subjects with spinal anesthesia, bending the body at the waist to an angle of 500 had little effect on the arterial pressure (Numbers 12 and 13), while an angle of 75°produced a slight rise in pressure in Number 12 and an angle of 900 produced a fall in pressure in Number 13. In Number 11 the diastolic pressure was maintained but the pulse pressure thinned out in the manner characteristic of a failing venous return. Only in one instance (Number 9) did slight elevation (200) lead to syncope,5 but it is probable that none of our subjects could have tolerated the upright position for long without syncope, for progressive failure of the circulation would most certainly have occurred. We endeavored to determine the effect on the blood pressure of tightly bandaging the legs with an Esmarch bandage during tilting (Numbers 14 and 15) but the results were indeterminate, apparently as much stagnation occurring in the abdomen as in the legs.
The above observations demonstrate that the characteristic responses to gravity, namely, a rise in diastolic pressure and a well imnaintained systolic pressure, were absent in our subjects, indicating that the vasomotor pathways were effectively blocked." The observed responses are not such as are to be expected if there is maximal dilatation of the vascular bed, in which circumstance immediate syncope should almost certainly occur. On the contrary, they suggest moderate capillaryvenous stagnation, aggravated by gravity.
Hypercapnia. In normal animals and man the inhalation of gas mixtures containing CO2 produces an abrupt rise in both systolic and diastolic pressure, this reflex response being mediated in part through the carotid receptors, and in part through the bulbar centers. Ten per cent CO2 is sufficient to produce a maximal effect (42, 57, 59, 64 , and 75). Our gas mixtures were prepared by using an anesthetic appliance equipped with accurate metric flow meters and were not analyzed in every case, but from the analyses of some of them we can state that they ranged from 10 to 14 per cent. In Numbers 13, 14, and 15 the subject was tested with CO2 immediately before anesthesia to demonstrate that he gave the typical normal response. Two features in this normal response are to be noted: the rise in blood pressure occurs immediately, and the pressure remains at a maximal value so long as hypercapnia persists.7 As demonstrating the response of subjects with high spinal anesthesia to hypercapnia we call attention to Numbers 10, 12, 13, 14, and 15 in Figure 4 , and to 17 and 18 in Figures 1 and 2. CO2 may sometimes cause a rise in pressure, but the rise is slow and progressive (Number 10) or slow and transient, disappearing during the hypercapnia (Number 14). More frequently the response consists of a distortion of the pulse pressure without a significant rise in mean pressure (Numbers 13, 15, 17, and 18). In one subject (Number 12) 10 per cent CO2 had absolutely no effect on the blood pressure.
It is to be emphasized that these high concentrations of CO2 produce an extreme hyperpnea which must profoundly influence cardiac filling; it is to be expected that the precise effect in any instance will be influenced by the degree of synchronization of the diaphragmatic movements (the intercostal muscles being paralyzed) with the slow heart rate (60 to 70) obtaining in these subjects. Further factors influencing the contour of the pulse pressure under CO2 are the possible vasoconstriction in the unanesthetized head, arms, and hands, mediated through the upper thoracic segments, and the pressure of the diaphragm upon the abdominal viscera, in consequence of its extreme excursions. Moreover, there may be small quantities of sympathin E thrown into the general circulation from such upper thoracic sympathetic fibers as are still intact, and this hormone may 7 We fully realize that the brachial pressures as measured by auscultation are not accurate measures of the intra-arterial pressures, but the qualitative changes and mean value unquestionably follow the true values closely enough to warrant the conclusions drawn here.
cause slight vasoconstriction elsewhere in the body. The variety of changes in blood pressure which we observe under CO2 we would attribute to these causes, and chiefly to the effect of the hyperpnea on cardiac filling. In no case does the character of the blood pressure response to CO2 in the anesthetized subject reproduce the normal reflex response. We believe, therefore, that the CO2 test demonstrates that under the conditions of our observations (anesthetization to T5 or higher with the subject initially in the face down position) the vasomotor pathways emerging below T5 are effectively blocked.
Anoxemia. We have produced anoxemia in three subjects; in Number 7, when anesthesia was at the level of the neck (cervical cord) a N240 mixture containing 8.6 per cent 02 was administered by a small anesthetic face mask for 18 minutes; there were slight variations in pulse rate, and this remained at about 70 until the end of the anoxic period. After 11 minutes of anoxia, the subject became apprehensive and began to perspire; at 17 minutes twitching movements appeared about the eyes, and the fingers showed spasm; there was profuse perspiration of palms and face, but no perspiration on the body below the clavicle (i.e., in the anesthetized regions); premature contractions appeared, and the subject complained of dizziness and became lethargic. Consciousness was not lost and removal of the mask effected prompt relief from the anoxic symptoms. A sample of arterial blood taken just before the end of the anoxic period showed 18.1 volumes per cent 02 capacity, and 8.6 volumes per cent 02 content, or 48 per cent saturation. The .systolic pressure in this subject fell, but the diastolic remained unchanged. In Number 16, a N2-02 mixture containing about 15 per cent 02 was administered for 8 minutes, after which the 02 content was decreased to 11.5 per cent, this mixture being administered for an additional 5 minutes. No signs of anoxia appeared with the first gas mixture; after 2 minutes with the second mixture cyanosis was evident and premature contractions appeared. The heart rate increased momentarily from 70 to but also with the conclusions drawn from numerous animal experiments upon which the accepted idea of the tonic activity of the sympathetic nervous system is founded. In view of this fact it is necessary to examine the contrary evidence critically.
5. The alleged tonic activnty of the vzasoconstrictor paths The notion of vasotonic activity in the sympathetic nervous system in the normal animal is based largely upon the fact that the blood pressure falls or the peripheral blood flow increases immediately after surgical section of the splanchnic fibers in anesthetized cats and dogs. It must be noted, however, that surgical section of the splanchnic nerves, the lateral ganglia, the anterior roots of the cord, or the cord itself, involves traumatic excitation not only of vasoconstrictor fibers, but also of the vasodilator fibers to the viscera, skin, and skeletal muscles. But what is more important is the fact that such observations have invariably been made in anesthetized animals.
In 1912 Elliott (23) showed that during anesthesia with ether, chloroform, or urethane an intact adrenal gland in the cat may be nearly depleted of its content of adrenin, whereas a denervated gland in the same animal is unaffected. Cattell (17) demonstrated in 1923 that ether anesthesia increased the perfusion pressure and caused a diminution in the volume of a normal limb, but not in a denervated limb, which phenomenon he attributed to excitation of the vasomotor center. More recently, Bhatia and Burn (7) have shown that ether excites both the central and spinal sympathetic centers. Ether also causes constriction of the spleen (44) . Evidences of sympathetic excitation in man during ether anesthesia have been listed by Knoefel (61) , and so marked is the systemic pressor action of ether that its inhalation or subcutaneous injection has actually been used to elevate the blood pressure during spinal anesthesia (98, 67, 1) . On the other hand, ether anesthesia is accompanied by hyperemia in the hind limb (55), by a decreased 02 A-V difference (right heart blood) in the dog (90) , by elevation of the skin temperature in man (21) , and by other evidences of vasodilatation. Consequently, the overall effect of ether anesthesia is difficult to evaluate since the sympathetic nervous system carries dilator fibers to the viscera as well as to the muscles in the dog, and perhaps also in man. Possibly, as Burn (15) points out, it excites the " vasodilator center " as well as the vasoconstrictor center. It is clear that during ether anesthesia either vasoconstriction or vasodilatation may predominate; 8 as White (106, p. 121) suggests, splanchnic constriction may occur simultaneously with skin dilatation.
An equally severe arraignment can be levelled against observations made on morphinized animals. Morphine, in addition to slowing the heart by vagal action, depresses the respiratory center and consequently promotes anoxia and hypercapnia (76) . It is reported that in sympathectomized cats and dogs the blood pressure is quickly lowered to critical levels by slight degrees of either hypercapnia or anoxia (see Section 4), and it is conceivable that these factors contribute to the marked hypotension which accompanies surgical denervation or spinal anesthesia in morphinizedetherized animals. Furthermore, morphine (and more especially scopolamine) causes relaxation of the skeletal muscles and thus promotes venous stagnation. That the hypotension of spinal anesthesia in dogs is in fact aggravated by morphine, scopolamine, bartiturates, and other anesthetics has been pointed out by Seevers and Waters (89) .
In view of the above facts, we may confidently reject the acute effects of denervation on blood pressure or vascular tone, when effected under ether or morphine anesthesia, as having little bearing on the normal animal. In the absence of more information this same criticism must be applied to barbital, amytal, etc., which cause marked dilatation of the spleen (44) and modify many autonomic responses (15) , and to urethane, which is known to evoke vasoconstrictor activity (7) .
Even excluding the possible effects of the surgical excitation of vasodilator fibers, and of anes- 8 In anesthetized animals small doses of adrenin cause a fall in arterial pressure, a phenomenon not observed in unanesthetized animals (22) thetics, there remains the question to what extent the delicate pattern of the vasomotor system and the set of the presumptively autonomous peripheral vasomotor apparatus are caused to depart from normal by the procedures of opening the abdomen and fingering the viscera whereby they may suffer some local excitation, if not traumatic injury, by handling, drying, and chilling.
The sympathetic paths are predominantly vasoconstrictor to the skin; that these dermal paths are tonically active at ordinary temperatures (an activity obviously subserving the regulation of body temperature) is indicated by the facts that the temperature of the skin and particularly of the digits in man and of the foot pads in the dog, and the blood flow in the ear of the rabbit (all regions obviously important in body temperature regulation) are increased by sympathectomy (20, 69, 106, 107) . But the increased volume of the hand after anesthetic nerve block (30) is scarcely more than might be accounted for by dilatation of the skin arterioles (36) and does not certainly indicate dilatation in the muscles, much less in the viscera.
Spinal anesthesia is reported to increase the rate of flow of perfusion fluid through the femoral and brachial arteries of the dog (13), but these observations are complicated by barbital anesthesia. The most creditable evidence of denervation dilatation in the skeletal muscles is the fact that lumbar sympathectomy produces a permanently increased blood flow in the femoral artery of otherwise normal dogs (thermostromuhr method under local anesthetic (54, 55)), and the increased flow is larger than probably can be accounted for by dilatation of the vessels of the skin and paw. But there remains the question of whether sympathetic activity is not evoked de novo or considerably exaggerated in conscious but operated dogs upon handling in the laboratory. If so, the control blood flows may be abnormally low. Moreover, the lumbar sympathetic fibers to the muscles of the dog appear to be predominantly vasodilator, as in man (26, 36, 15) and consequently it would not be expected that transection would result in chronic hyperemia. A re-examination with attention to these questions is needed.
Bradshaw (10) has shown that barbitalized cats with the carotid artery cannulated show a marked fall in blood pressure during spinal anes-thesia, whereas sympathectomized cats subjected to the same procedure ten days after operation showed no change in blood pressure. He concluded that the fall in blood pressure in the control cats was due entirely to anesthesia of the vasoconstrictor fibers. But the fact that barbital, in addition to modifying other sympathetic responses, dilates the spleen (44) and relaxes the skeletal muscles, and may conceivably promote anoxia or hypercapnia, casts doubt upon these observations; in the sympathectomized cat no compensation (by sympathetic excitation) could be effected for venous dilatation induced by barbital, as in the controls.
Shaw, Steele, and Lamb (91) have worked with dogs which received only local anesthesia for cannulation of the vena cava and femoral artery, and fleeting general anesthesia with ethyl chloride during the intrathecal injection of large doses (10 to 20 mgm. per kgmn.) of procaine. Though these investigators were not concerned with the present issues, their experiments are impressive from the physiological point of view. After spinal anesthesia in one dog the blood pressure remained unchanged, in another it increased, while in five others, during the first 30 minutes, it fell by an average of 37.5 per cent of the control value.
These investigators find (as had been demonstrated by CoTui (20) ), that the 02 A-V difference (right heart blood) is invariably increased (because of a fall in the°2 content of venous blood), a result entirely opposite to what occurs in ether anesthesia (90) . Under the presupposition that vasodilatation is the cause of the fall in blood pressure, Shaw and his coworkers were forced, in order to explain the paradoxically increased 02 A-V difference, to assume that arteriolar dilatation had caused the blood to stagnate in the anesthetized regions. Their data are open to another interpretation: the increased 02 A-V difference could well be the result of a decreased cardiac output; and, in fact, the parenthetical mention by these investigators of the existence in their dogs of pulmonary ischemia and of decreased circulation time support this explanation.
If vasodilatation were the cause of the hypotension of spinal anesthesia it should, when the arterial pressure is only moderately reduced, be accompanied by an increase in venous pressure and therefore in the stroke volume of the heart.
On the other hand, if venous stagnation is the cause, it should be accompanied by a decreased stroke volume and by a decreased cardiac output.
In dogs Seevers and Waters (89) (barbital) report that the venous pressure is increased by spinal anesthesia, but only one animal is cited in detail, and in this the venous pressure did not increase until the arterial pressure had fallen from 150 to 90 mm. Bower, Clark, Wagoner, and Burns (9) (ether) report no fall in the pressure in the superior vena cava, although the pressure in the inferior vena cava is said to have been decreased. Again in dogs, Burch and Harrison (12) (morphine and barbital) report that an average decrease in blood pressure of 44 per cent is accompanied by an average decrease in cardiac output of 23 per cent. These authors state that the cardiac output is decreased before the blood pressure, but the evidence presented consists of 2 single measurements. In man, Polano (74) reports no change in cardiac output (Broemser's method) in 5 subjects with spinal anesthesia, and a decrease in 2 subjects, but in no case was there a marked drop in blood pressure. In contrast to these results, Schuberth (86) reports cardiac output in 14 subjects (Grollman's method), some of whom had anesthesia as high as the xiphoid or nipples. (All had received 50 mgm. of ephetonin before anesthesia.) In 4 subjects the cardiac output increased; in 2 of these the systolic pressure increased, in one it remained unchanged, and in the fourth it fell from 155 to 130 mm. But in the remaining 10 subjects the cardiac output fell, the most marked reduction being associated with the greatest fall in pressure. In all but 3 instances the stroke volume decreased. Schuberth notes the collapsed veins as a sign of reduced venous pressure. He also reports a consistent fall in cardiac output in rabbits during spinal anesthesia. The venous pressure (auricular) in rabbits was either unchanged or fell; it never increased except under artificial respiration. In both man and rabbits the 02 A-V difference was consistently increased. Schuberth concluded that the fall in arterial pressure was a consequence of decreased cardiac output, following " an impaired return to the heart," but he attributed this impaired return to paralysis of the vasoconstrictor nerves, and does not mention the possibility of pure venous stagnation. Neither he nor Shaw, Steele, and Lamb (91) discuss the difficulties of reconciling decreased venous pressure, decreased cardiac output, and increased 02 A-V difference, with the notion of arteriolar dilatation, which, short of circulatory collapse, should tend to increase venous pressure and cardiac output and decrease the 02 A-V difference. Schuberth's control observations did not immediately precede the observations under anesthesia, yet the absolute figures for the cardiac output are so low in a large percentage of the subjects examined by him as to leave no doubt as to their qualitative significance. Accrediting such measurements 9 after partial or complete thoracic paralysis, a reduced cardiac output, sometimes to a very low level, can be accepted as a fact. This fact, then, combined with the blood pressure picture described here, points conclusively to venous dilatation, rather than arteriolar dilatation, as the cause of the fall in arterial pressure.
The evidence bearing on the autononmy of the peripheral arteriolar bed
In explaining the hypotension of spinal anesthesia, it may be noted that Nowak (70) has argued in favor of a -toxic effect of the anesthetic after systemic absorption, but this explanation seems to have been excluded by the intravenous injection of large doses (27, 9) . We have observed no evidences of systemic toxicity or central respiratory depression in spite of relatively large doses of procaine intrathecally.
Taking first the evidence obtained by surgical denervation, it has long been known that after spinal transection the blood pressure tends to return to normal levels, the restoration possibly being due, in part, to subsidiary vasomotor centers in the cord (66, 58) . But the denervated vessels of the ear in the rabbit, of the paws in dogs, etc., and of the hands and feet in man, ultimately recover their normal caliber, demonstrating that even in the skin, where tonic vasomotor activity 9 Neither Seevers and Waters (89) nor Bower et al. (9) discuss the significance of venous pressure measurements relative to the atmosphere before and after paralysis of the thorax, nor consider the effect of position of the animal, which presumably was tied down upon its back. And neither Polano (74) nor Schuberth (86) question the validity of cardiac output measurements by indirect methods during thoracic paralysis. must be accepted, the vascular bed possesses at least a latent capacity for autonomous constriction (66, 32, 106, 107) .
The recent observations of Cannon and of Heymans and their respective collaborators (2, 3, 4, 16, 73, 79, 82) have shown that the peripheral vasomotor apparatus can re-establish an essentially normal blood pressure after complete sympathectomy, which appears to destroy all constrictor paths to the splanchnic viscera, skin, and muscles, only the dorsal root dilators and the vagi remaining intact (101, 79, 68) . Rowntree and Adson (80) have reported a subject with polyarthritis in whom the blood pressure retumed to normal after cervicothoracic and abdominal ganglionectomy. In all these instances, however, a considerable interval was allowed to elapse after denervation before pressure readings were taken, affording an opportunity for the peripheral vasomotor apparatus to acquire slowly and de novo a degree of autonomous activity perhaps not present in the normal animal. It is, in fact, commonly believed that such is the actual course of events, a belief which rests chiefly upon the observed restoration of arteriolar tone in the denervated ear of the rabbit and the denervated skin in dogs or man.
But against this belief may be presented the evidence afforded by the experiments of Hermann, Morin, and Vial (46, 48, 49) , who have destroyed the thoracic, lumbar, and sacral cord by a technique which permits quick restoration of blood pressure. The pressure is elevated, presumably by vasoconstrictor excitation, at the moment of trauma of the cord, thereafter falling to 70 to 80 mm.Hg, but it recovers to 110 to 140 mm. shortly after the anesthetic has worn off. After vagotomy these " cervical " dogs show no reflex responses to excitation of the central end of the depressor nerve, the bulb or cervical cord, and it is concluded that no vasomotor connections pass to the periphery except from the spinal cord below Ti (49) . Here the restitution of blood pressure might be attributed to the autonomy of the lateral and collateral ganglia, though Hermann, Morin, and Cier (52) adduce evidence that these ganglia play a negligible r6le. In any case, these investigators have fully demonstrated that a pressure of 100 to 140 mm. can be maintained permanently in the dog from a few hours onwards after all con-nections with the central nervous system have been destroyed up to T1.;
The most pertinent observations on blood pressure immediately after sympathectomy are those of Grimson, Wilson, and Phemister (40) , whose blood pressure readings were taken on unanesthetized dogs 3 days after the last stage of denervation. They report that the blood pressure, which averaged 155 mm. before operation, was lowered by an average of 38 mm. by denervation; there was no decrease in blood volume to explain the lowered blood pressure, nor was there any increase in volume such as might be expected in the event of an appreciable dilatation of the vascular bed. The pulse rate in 3 dogs was slowed by the operation from 109 to 69, and the minute cardiac output estimated twice before and twice soon after operation in 4 dogs averaged 28 per cent lower postoperatively. The authors say: " The fact that despite the lowered cardiac output and slight bradycardia a blood pressure averaging 117 mm. of mercury was maintained shows that the animals suffered only moderate lowering of peripheral resistance as a result of sympathectomy. This indicates that there is an inherent vascular tone which assists in the maintenance of the blood pressure at a reduced level immediately after sympathectomy." This is a conservative statement, for the reduction in pressure after sympathectomy may be only apparent and due entirely to the fact that the blood pressure in the control animals was elevated by excitement. In fact, Gregg, Eckstein, and Fineberg (39) report that the normal blood pressure of the " well trained " dog approximates 124/85 mm. Hg, and Verney and Vogt (105) cite 100 to 120 mm. as the range of mean arterial pressure. These figures are substantially lower than the control figures of Grimson et al. (40) and are at the level of the figures observed in sympathectomized animals.
The observations of Hermann and his collaborators strongly suggest that the autonomy of the vascular bed in the dog, adequately demonstrated in the chronically sympathectomized animal, can carry on within a few hours after denervation. If such is the case, it should be immediately demonstrable after non-traumatic denervation by spinal anesthesia.
So far as man is concerned, it is asserted by surgeons that one of the advantages of spinal anesthesia lies in the circumstance that the viscera show no hyperemia, neither the intestines nor the uterus bleeding so freely as during inhalation anesthesia. It was from this fact that Gray (37) and Gray and Parsons (38) , who were among the first to inquire critically into this problem, asserted that the fall in blood pressure was caused not by arteriolar dilatation but by decreased venous pressure. The anemic appearance of the viscera has sometimes been attributed to reduced blood pressure, but it occurs without appreciable reduction in bl6od pressure and may equally well be attributed to the contracted state of the viscera, supplemented by normal arteriolar tone.
Bower, Clark, Wagoner, and Burns (9) were unable to demonstrate any increase in the volume of the leg, ileum, or kidney in the dog during spinal anesthesia and rejected the possibility of vasodilatation. They alternatively attributed the hypotension to respiratory embarrassment, pulmonary congestion, and cardiac failure in consequence of paralysis of the cardiac nerves (?), though the last two factors do not appear to be significant.
It is clear that anesthetic denervation can be effected in the dog without substantial reduction in arterial pressure. We have already referred to the report of Shaw, Steele, and Lamb (91) that the blood pressure does not invariably fall, and Lundy (65) reports no change in blood pressure in two dogs which were maintained by artificial respiration and with complete paralysis, not only of the cord, but also of the cervical and cranial nerves. Seevers and Waters (89), having found that anoxemia reduces the blood pressure in the spinal anesthetized dog, apart from the mechanical movements of the thorax, utilized 02 administration to maintain the pressure and cite an instance in which the pressure was raised in this manner from 120 to 200 mm. (88) . In a later paper they report two dogs having control pressures of 144 and 170 mm.; after high spinal anesthesia the pressure was maintained during artificial respiration with a modified Drinker respirator at 150 and 180 mm., although it had previously been reduced to low levels in an interval when there was respiratory paralysis. They state that cord section at T5, or anesthesia up to this level, results only in the slight drop of 5 to 10 mm. in systolic pressure; the tendency for hypotension to appear with anesthesia above this level they attribute to anoxia resulting from intercostal paralysis, an interpretation which has also been offered by Heymans, Bouckaert, and Bert (56) . None of the investigators mentioned have taken into account the possibility that tying a cat or dog down upon its back with the legs extended might seriously embarrass the venous circulation. It is difficult to imagine circumstances that would equally embarrass the venous circulation in man.
Consideration of the above evidence leads us to believe that in the dog the peripheral arterioles are capable of maintaining a normal blood pressure, as defined by Gregg, Eckstein, and Fineberg (39) and by Verney and Vogt (105) in trained animals, after either destruction of the cord or rapid nontraumatic anesthetic denervation. Consequently, it is to be inferred that basal arteriolar tone in the dog is not dependent upon the tonic activity of the sympathetic nervous system, and it seems highly probable that this is also true in the cat. 7 . Ezidence of the autonomous control of the renal vascular bed Our conclusion that the renal vascular bed is endowed with autonomous activity is supported by numerous observations on the renal blood flow in the dog, as measured by means of the Rein thermostromuhr. However, with few exceptions these observations have been made on dogs which were anesthetized with ether, morphine, pernocton (sodium butyl-ft-bromallyl barbiturate), chloralose or urethane; the abdomen had been opened and the renal artery or vein dissected free and cleaned in order to put the thermostromuhr in place; frequently artificial respiration has had to be used, and a few investigators report that some of their preparations have had to be discarded because bf anuria. All these circumstances argue against the physiological significance of the results. It may also be noted that Enger and Gerstner (24) report that a vasopressor principle appears in the blood in consequence of momentary renal ischemia; Enger, Linder, and Sarre (25) report that the blood pressure begins to rise within 1 hour after partial clamping of the renal artery, while Verney and Vogt (105) report a rise in 20 to 30 minutes. Whether this rapidly developing constriction involves the renal circulation itself has not been determined, but it is possible that it does.
In many investigations physiological significance has been attributed to changes in renal blood flow observed after some hours of experimentation, the results being equally accredited whether the actual blood flow was 1.0 or 5.0 cc. per gram of kidney per minute. It is to be inferred that the finer adjustments of the renal circulation are seriously modified if not wholly obscured by the extremely unphysiological conditions under which most of the thermostromuhr observations have been made; nevertheless, these observations all agree in indicating that the renal circulation of the dog enjoys a remarkable degree of autonomy.
The renal blood flow tends to remain unchanged during hemorrhage (77) and during the increased or decreased blood pressure elicited by pressure changes in the carotid sinus or by administration of CO2 or adrenin (43, 95, 96, 72, 102, 83, 84) . The independence of the renal circulation in the face of changing arterial pressure persists after denervation (43, 72) . It would seem to be in line with this autonomy that the threshold of the renal vessels for adrenin is much higher than in those vessels in the leg (skin and foot pads?) which are constricted by this hormone (43) . Though the kidney does not show " reactive hyperemia" (99), a very significant compensation occurs to renal ischemia: when the renal artery is partially closed, the renal blood flow is only momentarily decreased, shortly returning towards normal, and in order to maintain the blood flow at a reduced level the clamp must be repeatedly tightened. This phenomenon has been described independently by Schroeder and Cohn (85) other hand, Handovsky and Samaan (41) , working with conscious dogs (but dogs in which the thermostromuhr was attached to the renal artery, and in which the ureters and either the brachial or carotid artery were cannulated), found that splanchnic section under local anesthesia caused a much smaller increase in blood flow (20 to 50 per cent) which, moreover, was transient, lasting only 20 to 50 minutes.
In contrast to the above observations, Rhoads, Van Slyke, Hiller, and Alving (78) , measuring the blood flow in an explanted kidney by means of urea A-V difference and the urea clearance, found that local anesthesia of the renal nerves in unanesthetized dogs or surgical denervation under ether anesthesia was without consistent effect upon the blood flow. These experiments are open to the criticism that the kidney was already hyperemic, the other kidney having been removed about 2 years previously; and under these conditions it is known that the blood flow through the remaining kidney (dog) is nearly double its normal value (63) . We find the renal blood flow in a subject who had had a unilateral nephrectomy 5 years before observation to be nearly as great (1037 cc. per minute) as our average normal figure (1339 cc. per minute). Nearly maximal vascular dilatation might be expected in such a kidney, even though its nervous connections are intact. But apart from this criticism, the results of Rhoads et al. (78) are consonant with our own in indicating no tonic control of the renal circulation in the normal animal. (51) , though the application of this evidence to the intact animal is so uncertain that it need not be considered here. But a depressor action is also strikingly evident in intact, denervated preparations. The inhalation of gas mixtures containing from 2 to 10 per cent of CO2 causes a precipitate fall in arterial pressure in ergotamized dogs (59, 71) , in sympathectomized-vagotomized cats and dogs (2, 3, 73), in dogs with spinal anesthesia (56, 89, 20, 87) and in cervical dogs with the cord destroyed below T1 (47, 50, 51) .
The administration of a gas mixture containing 2 to 4 per cent of CO2 to Hermann's " cervical " dogs produces a 10 mm. drop within 2 minutes, while 10 per cent CO2 produces a profound drop in an equal time. Anoxemia has a similar effect: 18 per cent 02 in the respired mixture produces a slight reduction in blood pressure, while 10.5 per cent 02 produces virtual collapse of blood pressure in 1 to 2 minutes' time. (The normal pressor response to anoxemia is first converted to the depressor response when the cord is destroyed up to and including T7, the depressor response becoming maximal when destruction reaches T3. It appears therefore that the vasomotor pathways necessary for the normal pressor response emerge below T3, and chiefly in T4-5-6 and 7.) 11 There appear to be only 3 possible explanations for the depressor phenomenon: (1) CO2 and anoxia may directly or reflexly cause the secretion of some humoral agent which exerts a dilating action on the vascular apparatus; (2) there may be vasodilator fibers emerging from the cord or brain above C6 which are centrally excited by CO2 and anoxia; (3) CO2 and anoxia may exert a dilating action on the peripheral vasomotor apparatus (arteries, capillaries, or veins) either by direct action on the vascular tissue or indirectly through peripheral neurons. Since there is no evidence to indicate the secretion of a vasodilating humoral agent, and since there is considerable evidence against the existence of vasodilator paths to the viscera emerging above C6 (49, 79) , the direct action of CO2 and anoxia on the peripheral vasoneural or vascular apparatus appears to be the probable explanation of the fall in pressure. However, if experiments with isolated, perfused organs are excluded, we are aware of no evidence which will enable us to decide whether this dila-tation involves the arteriolar, capillary, or venous bed.
In any case, we are faced with the paradox that in human subjects with spinal anesthesia up to T3 or T2, and in whom all vasomotor reflexes other than those involving the head and arms are demonstrably blocked, neither CO2 nor anoxemia has any depressor action. We administered CO2 in a concentration of 10 per cent for as long as 18 minutes (as in Number 17, Figure 1) , or (as in Number 15, Figure 4) to the point where involuntary twitching appeared in the unanesthetized forearms and face, without obtaining any depressing effect upon the circulation. (See also Numbers 10, 12, 13, and 14.) Similarly, we are forced to conclude from the responses shown in Numbers 7 and 16 that anoxemia of great severity does not cause dilatation of the peripheral vascular bed in man with high spinal anesthesia. In 3 instances (Numbers 6, 14, and 16) we have administered pure 02; the rise in systolic pressure in Number 6 might have been due to this measure, but in Numbers 14 and 16 the 02 had no marked pressor effect. It has been our experience that 02 relieves the nausea, restlessness, and yawning that signalize bulbar anoxia, but we cannot affirm the conclusion which has been reached in dogs and cats that 02 raises the arterial pressure. We would not particularly expect such an effect since even severe anoxia does not lower the pressure. It must be noted in this connection that Schuberth (86) found no correlation between blood pressure changes and changes in the tidal air of a large series of subjects.
So we are again at variance with the observations on anesthetized dogs and cats, for all of the observations referred to above have been made on anesthetized animals. It may be that the astonishing differences in the innervation of the viscera of the rabbit, hare, cat, dog, and monkey, as described by Burn (15) , are presumptive evidence of differences in activity patterns, and, if so, it is clear that studies of the autonomic nervous system and peripheral vasomotor apparatus in other animals must be transferred to man with great caution. That there are species differences in the stability of the peripheral vasomotor apparatus is probable, for the sympathectomized cat suffers an acute fall in arterial pressure and circulatory collapse on slight activity, whereas the sympathectomized dog is extremely competent physiologically, perhaps even more so than the normal animal (2, 4, 11, 73, 31, 65a). But, paradoxically, the anesthetized sympathectomized dog is reported to be more sensitive to CO2 than is the anesthetized sympathectomized cat (4). (See footnote 11 on page 335.)
But anesthesia alters the set of almost every autonomic reflex in the body; it profoundly changes the response of the medullary centers to CO2 (103, 104) , and it quite possibly alters the response of the peripheral vasomotor apparatus. Until these observations are repeated on unanesthetized animals, and until consideration is given to the effects of posture on the venous circulation in the cat and dog, it would seem premature to accept as proven that there are any major species differences in the reactivity of the arterioles. If these apparent differences are real, we would be inclined to attribute them to the fact of man's bipedal habitus. We may suppose that the pattern of the vasomotor system, both centrally and peripherally, is adapted to his upright posture and it is rather to be expected that the peripheral vascular bed would in its autonomy show greater stability against vasodilating factors, even of a metabolic nature. This suggestion, however, applies primarily to the arterioles: the capillaryvenous circulation, unable to reinforce itself, has remained at a disadvantage, and in man it is possibly more dependent upon skeletal muscle tone and other accessory factors than it is in the quadrupeds.
Our present observations on the importance of dilatation in the post-arteriolar vascular bed in spinal anesthesia add emphasis to the view, long propounded by Yandell Henderson, that the venous side is the weakest portion of the circulatory system.
SUMMARY AND CONCLUSIONS
Twenty-one normal unoperated subjects have been observed before and during spinal anesthesia. In 18 of these subjects sensory anesthesia was established up to T5, and in 3 subjects to above Ti. That the anterior roots or sympathetic rami have been effectively blocked has been demonstrated by the abolition of the typical reflex responses to hypercapnia, anoxemia, and gravity.
Anesthesia to levels considerably above those at which the efferent sympathetic paths to the kidneys emerge from the cord does not produce renal hyperemia, nor does it have any other consistent effect upon the renal circulation. It is concluded that the tone of the renal arterioles is normally maintained by autonomous, intrinsic activity of the peripheral vascular apparatus and is not dependent upon tonic activity of the central nervous system. Normal blood pressure may be maintained in normal, unoperated subjects with sensory anesthesia at spinal levels (T5 or higher) above those at which the highest vasoconstrictor fibers emerge to the splanchnic viscera and legs. In those instances in which the arterial pressure is reduced, the systolic pressure falls more than the diastolic, the latter being usually maintained at essentially normal levels. There is at no time the hemodynamic picture to be expected from arteriolar dilatation; rather the decrease in blood pressure is such as is to be expected in consequence of a decreased cardiac output in the face of an unchanged arteriolar bed. That the cardiac output is actually decreased is indicated by measurements available in the literature. This decreased cardiac output results from decreased stroke volume, the latter resulting from post-arteriolar dilatation and decreased venous pressure. The post-arteriolar dilatation can be explained in terms of dilatation of capillaries, venules, and veins in consequence of skeletal muscle paralysis, without positing tonic sympathetic activity to these circulatory channels.
Possibly some further venous embarrassment is occasioned by paralysis of the abdominal and thoracic muscles, and, in some instances, by acute dilatation of the spleen. Dilatation of the arterioles of the skin, the only region for which there is indubitable evidence of sympathetic tonic activity in man, probably operates against the development of hypotension by contributing to the maintenance of venous pressure.
It is inferred that (like the renal arterioles) the arterioles of the other splanchnic viscera and probably the skeletal muscles possess sufficient autonomy to maintain a normal blood pressure after denervation, providing the method of denervation is not such as to precipitate severe circulatory disturbance. It is a corollary of this conclusion that there is normally negligible tonic activity in the sympathetic vasomotor paths.
The peripheral vasomotor system in man under spinal anesthesia is highly resistant to hypercapnia and anoxemia, which precipitate circulatory collapse in the anesthetized sympathectomized dog and cat and in the anesthetized cervical dog by dilating some as yet undetermined portion of the vascular bed.
Evidence bearing on the tonic activity of the vasomotor system, as obtained from the sympathectomized dog and cat, the cervical dog, and the dog under spinal anesthesia, has been critically reviewed, and it has been pointed out that most of this evidence suffers from having been obtained from anesthetized animals, and reasons have been given for its inadequacy.
It may be emphasized that our conclusion regarding the absence of important tonic activity in the sympathetic vasomotor paths to the arterioles generally, and to the kidneys especially, refers only to normal man in the resting, basal condition, and in the supine position. It remains to be determined to what extent sympathetic activity may be evoked by traumatic excitation, by assumption of the upright posture, by excitement, in hypertensive disease, etc. Investigation of these questions relative to the kidneys is now in progress. 
